Aim: The aim of this study was to compile the usage of Co-Cr alloys in fixed prosthodontics (FP) among dental laboratories in Sweden. Methods: From March to October 2015, questionnaires were sent to 542 registered dental laboratories in Sweden. The questionnaires were divided in two parts, one for fixed dental-supported prosthodontics (FDP) and one for fixed implant-supported prosthodontics (FIP). Reminders were sent three times. Results: In total of 542 dental laboratories, 55% answered the questionnaires. Most dental laboratories use Co-Cr in FP, 134 (74%) in FDP and 89(66%) in FIP. The laboratories used Co-Cr alloys of various compositions in the prostheses, 35 for FDP and 30 for FIP. The most commonly used Co-Cr alloys for tooth-supported FDPs were (a) Wirobond V R 280, (b) Cara SLM and (c) Wirobond
Introduction
Gold has been the 'gold standard' material for replacing missing teeth with FDP due to desirable properties such as biocompatibility and ductility. However, due to high price and the request for alloys with better mechanical properties, new materials have entered the dental market [1, 2] .
In 1999, the Swedish National Board of Health and Welfare (Socialstyrelsen, www.socialstyrelsen.se) suspended a former regulation which prohibited basemetal alloys in FDPs for permanent use because of the risk of hypersensitivity induced by nickel, cobalt and chromium [3] . Until then, the use of base metal alloys was only allowed for removable dental prostheses (RDPs) or temporary FDPs. Yet, the alloys for porcelain-fused-to-metal prostheses differ globally; nickel-chromium alloys (Ni-Cr) are mostly used in the USA, in contrast to Sweden and Japan where cobalt-chromium alloys (Co-Cr) are more commonly used [1] .
The advantages with Co-Cr for dental use are the mechanical properties, i.e. stiffness (high elastic modulus) that render a possibility for reduced dimension of the framework [4] and adequate bond strength between the porcelain and alloy [5] and corrosion resistance [6] . Disadvantages are the markedly higher corrosion in acidic environments, extended chair side time needed for finishing and polishing because of the hardness and casting difficulties [1] . Another disadvantage is the limited knowledge of the longevity of Co-Cr alloys in fixed prosthodontics [7] . Furthermore, there have been concerns related to the biocompatibility of CoCr [8, 9] . Another concern related to CoCr is the risk for the dental technician to inhale grinding dust, during adjustments and polishing [10] .
Besides new materials, novel manufacturing techniques, such as subtractive manufacturing; milling, 'prestate' milling [11] and additive manufacturing; DMLS (Direct Metal Laser Sintering) [12] , SLS (Selective Laser Sintering), SLM (Selective Laser Melting) have also entered the dental market, and partly replaced the traditional casting technique. Despite sparse clinical evaluation these techniques are applied to Co-Cr and are currently increasingly used in fixed prosthodontics [12, 13] . However, in vitro studies of these new manufacturing techniques show different material properties such as fit [11, [14] [15] [16] [17] [18] [19] and metal release [20] but similar porcelain adhesion [21, 22] and surface hardness [23] .
In Sweden, all prosthetic devices are regulated by legislation regarding medical devices from the Swedish Medical Products Agency, MPA (L€ akemedelsverket, https://lakemedelsverket.se), an agency which also requires registration of all dental laboratories [24] . Dental laboratories (manufacturers) are obliged to have Material Safety Datasheets (MSDS) available for every custom-made medical device manufactured for each patient. According to the regulations [25] , the MSDS shall contain the following headings: (1) identification of the substance/ preparation and of the company/undertaking, (2) hazards identification, (3) composition/information on ingredients, (4) first-aid measures, (5) fire-fighting measures, (6) accidental release measures, (7) handling and storage, (8) exposure controls/personal protection, (9) physical and chemical properties, (10) stability and reactivity and (11) toxicological information.
However, no specific clinical evaluation is required by the Swedish MPA. Further, as mentioned earlier, clinical studies regarding various Co-Cr alloys are sparse [7] . Thus, more research is needed to investigate which Co-Cr alloys are used in dentistry today and how they are manufactured.
Aim
The aim of the present study was to conduct a survey among the dental laboratories in Sweden and specifically address and compile the usage of Co-Cr alloys for fixed dental prosthodontics according to composition and fabrication technique.
Materials and methods
In spring 2015 the Swedish MPA was contacted regarding all the dental laboratories registered in Sweden. A total of 542 dental laboratories were defined and included in the study.
Two surveys with six questions each, one for FDP and one for FIP, were prepared. Two local dental laboratories were asked for feed-back regarding the content in the questionnaires. The final questionnaires included a total of 20 questions and were divided in two parts, ( Table 1) .
The surveys were sent by post, to the 542 dental laboratories and reminders were sent three times. Due to the low frequency of answers, the Swedish Association of Dental Technicians (Sveriges Tandteknikerf€ orbund) was contacted and a small item about the ongoing survey was published at their website, www.dentallab.se, explaining the project and encouraging the members to answer. Because of low answer frequency, 23%, after the first reminder, one initial question defining working tasks was added in each questionnaire, (Table 1) . After a third reminder, the frequency of answers increased from 23 to 55%. Data collection was completed in October 2015, see flow-chart, (Figure 1 ). For data registration and calculation IBM SPSS version 20 and Microsoft Excel 2010 were used.
Results
From the 542 sent envelopes, 37 (7%) were returned because of unknown address, and 206 (38%) were non-responders. In total, 299 (55%) answers were received, (Figure 1 ). Results could only be extracted from the first 5 questions (1-5), because of a high drop-out in answers from the questions 6-10. Moreover, 22 registered dental laboratories were not relevant for the study; one dental laboratory (0.3%) was taken-over by another company, 5 (2%) were not dental technicians, e.g. dentists with chairside production or mother-companies, 5 (2%) were subsuppliers and 11 (4%) were inactive. One (0.3%) dental laboratory reported that they had their production abroad without providing any further information. There were differences in the drop-out rates between the two questionnaires. For the FDP questionnaires the drop-out reached 5% while the drop-out in the FIP part reached 14%. Results from the total 299 received answers demonstrated that 180 (60%) dental laboratories worked with FDP in comparison with 135 (45%) for FIP, (Table 2) . Additionally, 86 (29%) dental From the 181 laboratories that answered accounted for choice of material in FDPs, 138 (76%) use zirconium dioxide, 135 (75%) use Co-Cr, 84 (46%) highnoble gold, 64 (35%) titanium (both Commercially Pure, CP and alloys) and 105 (58%) other materials such as all-ceramics or other alloys, (Figure 2 ).
In addition, the answers from 139 dental laboratories in FIP indicated that 91 laboratories (66%) use Co-Cr and 90 (64%) use zirconium dioxide, 72 (52%) use titanium (both Commercially Pure and alloys), 40 (29%) use gold and 29 (21%) use other materials such as all-ceramics and other alloys, (Figure 2 ).
In total, 86 (29%) dental laboratories work with both FDP and FIP. Forty-eight (16%) exclusively worked with FDP and three (1%) exclusively with FIP. Furthermore, the results showed that a higher number of dental laboratories worked with FDP than with FIP, 180 (60%) and 135 (45%) respectively, ( Table 2) .
Regarding type of titanium, the results revealed that 59% of the dental laboratories used titanium grade 1-4 and 30% used a titanium alloy in the FDP group. In the FIP group, 70% used titanium grade 1-4 and 35% used titanium alloy.
Finally, 134 (45%) and 89 (30%) dental laboratories that reported the use of Co-Cr alloys in FDP and FIP, respectively, were included ( Table 2) .
FDP
The results showed that the 134 dental laboratories that were included in the study use 35 different CoCr alloys, (Figure 3 ). The most commonly used alloys were (1) Wirobond
Remanium V R Star CL, and (5) Solibond C plus and (6) Heranium PW. The total number of unknown alloys was 5 and was registered by 18% of the dental laboratories. Moreover, 4% of the dental laboratories register 2 unknown alloys and 14% registered 1 unknown alloy. Of the totally 5 unidentified alloys, 4 could not be found on the internet and one was registered as 'Wirobond' without further specification.
The prostheses were manufactured by four different techniques; casting, milling, SLM and milling/sintering, (Figure 3 'Pre-state' milling (1) Zirkonzahn Zintermetal and (2) Ceramill Sintron, In Coris CC Sirona and Crypton.
The dental laboratories use one up to six different Co-Cr alloys, (Figure 4 ). 
FIP
The results demonstrated that the 89 dental laboratories that were included in the study use 30 different Co-Cr alloys ( Figure 5 ). A majority of the dental laboratories use (1) Cara SLM 27%, (2) Cara Milled 26%, Table 3 the element composition of these alloys differs. Unknown alloys were registered by 36% of the dental laboratories. In detail, there were 2% of the dental laboratories that registered 3 unknown alloys, 7% registered 2 unknown alloys and 15% registered 1 unknown alloy. Nine alloys were registered as unknown. Out of theses, 6 alloys could not be identified and 3 were registered as 'Wirobond', 'Scheftner' and 'Dentaurum' without further specification. Moreover, the alloys were manufactured by three different techniques; casting, milling and SLM ( Figure 5) .
The most reported Co-Cr alloys depended on manufacturing technique were; SLM: (1) Cara SLM, (2) Remanium V R Star CL and (3) The element composition of the most commonly reported Co-Cr alloys varied in both tooth-and implant-supported fixed prosthodontics as can be seen in Table 3 .
Discussion
This paper presents a survey on the usage of dental materials and specifically on Co-Cr alloys, used in FP in Sweden between January and October 2015. The results showed that dental laboratories use 35 and 30 different Co-Cr alloys in FDP and FIP, respectively, manufactured by 3-4 different techniques (Figures 3  and 5 ).
The response rates in other similar studies vary between 32 and 76% [26] [27] [28] [29] [30] [31] [32] . A higher response rate in the study by Baumann et al., of 76% could be explained by the initial inclusion process where questionnaires were sent to dental laboratories that advertised in the Yellow Pages Group of New Zealand excluding the laboratories that only advertised removable prostheses. And the non-responders were contacted by phone which probably increased the answering frequency more. In accordance to the present study, Baumann et al. sent the questionnaires by post due to the fact that some dental laboratories indicated the absence of an emailaddress [30] .
The present survey revealed that 22 (7%) registered dental laboratories were not relevant for the study. Furthermore, 1 (0.3%) dental laboratory reported that they had their production abroad. Nonetheless, did Alameri et al. identify that 14 (22%) of the dental laboratories in New Zealand used offshore laboratories [26] . The difference may be explained by demographical factors i.e. New Zealand having fewer dental laboratories compared to their needs or that the dental laboratories in the present survey underreported the extent of the abroad production.
Results from the present study show that more dental laboratories work with FDP than FIP, 60 and 45% respectively, ( Table 2) . Similar findings were reported by Afsharzand et al [31, 32] , i.e. more dental laboratories in the U.S worked with FDP than FIP, Figure 5 . Co-Cr alloys in implant-supported fixed prosthodontics. Results from the Swedish survey 2017 indicate that dental laboratories use 30 Co-Cr alloys in fixed implant-supported prosthodontics that are manufactured by three different techniques (lasersintered, milled and cast). Almost 36% of the dental laboratories registered alloys that could not be identified. yielding a frequency rate of 47 and 36%, respectively. Baumann et al. found that 42% of the dental laboratories in New Zealand worked with FP [30] . Most dental laboratories in the present study use Zirconium dioxide and Co-Cr, 76% and 75%, respectively, in FDP while high-noble gold is used by 46%, titanium (both CP and alloys) by 35% and other materials as palladium-based alloys or other all-ceramics by 58% of dental laboratories (Figure 2) . Results from another survey by Berry et al. demonstrated that 52% of the dental laboratories used base-metal alloy (without further information) as crown material [29] . In addition, the same authors report that dental laboratories used all-ceramic in 29% of the anterior cases and 8% in the posterior cases [29] . The same study reported that 8% used high-gold content alloy. Higher frequency of noble-alloy use could be seen in New Zealand [30] where dental laboratories used 55 different alloys out of which 35 (64%) were high-noble, 13 (23%) were noble and 7 (13%) were base-metal alloys. Another survey from New Zealand [26] showed that all-metal and porcelain-fused-metal (PFM) alloys (76%) were the most common material used in fixed prosthodontics, followed by titanium (57%). Most of the studies that describe metal ceramic constructions refer to base-metal alloy or PFM (porcelain-fused metal) without further information [29, 33, 34] . Thus, comparisons of results between these studies are difficult.
In the present survey, the results show a higher use of Zirconium dioxide and Co-Cr in FDP, compared to other studies [26, 29, 30] . This could eventually be explained by the time factor in this survey, being the most recent.
As can be seen, there is a clear difference in the use of materials in FP between FDP and FIP. Co-Cr and Zirconium dioxide dominates but in a lower frequency in FIP, while titanium is the third most commonly used material in FIP compared to gold in FDP. The biocompatibility of titanium as a material supported prostheses for implants is well known and documented [35, 36] , while there has been some concerns regarding Co-Cr [8] . Hagiwara et al. sent questionnaires to 120 out of 285 certified dental laboratories in Japan and identified that PFM was the most commonly reported material used for FIP in the anterior and posterior region, 43% and 31%, respectively, followed by Zirconia 27% and 14%, respectively [37] . These results must be interpreted with caution because of the high exclusion rate in that study, which could affect the outcome as well as the earlier mentioned difficulty with inadequate material information.
According to the present study, the most commonly used CoCr-alloys were Wirobond V R 280 (cast) for FDP, and Cara SLM for FIP. This could be explained by one of the advantages of AM (additive manufacturing); its ability to create parts with complex morphology, both external and internal [38] , as implant frameworks, and also with reduced energy consumption [39] . Besides that does the cooling rate in AM create parts with reduced grains [40] . Gold casts with fine grain size have generally superior mechanical properties, i.e. as tensile strength and elongation compared to casts with rough grain size [41] . Similarly, Co-Cr alloys with smaller grain size show better mechanical properties; as higher strength and ductility when grain sizes were smaller [42] . Furthermore, in a study by Joda and Br€ agger it was shown that AM facilitates the production process with an 18% cost benefit when digital flow was compared with conventional flow [43] .
Another advantage of AM compared to milling is lower waste of the material needed [39] . Results from the present study showed that the Co-Cr alloys used in implant prosthodontics were milled inwards towards the implant surface. Siemieniuch et al. mentioned that materials manufactured by AM showed an imprecise surface which needed further milling [39] . Results from the literature regarding fit between CoCr alloys manufactured by different ways show contradictory results [14] [15] [16] . Reasons for that could be (a) a difference between the materials per se or (b) that different measuring techniques are used that makes the results difficult to compare and (c) the absence of consensus of an acceptable fit.
The present study showed that the dental laboratories frequently did not register neither the name of the Co-Cr alloy nor the manufacturing technique, but only the manufacturer name. The datasheets that were obtained from the manufacturers or by searching the internet did not contain information about the recommended manufacturing technique. Moreover, datasheets for some Co-Cr alloys were not possible to find.
During the time from the data registration to the analysis, two alloys, Crypton ('pre-state' milling) and Cam Select (cast) were not available any longer. This shows how quickly materials can be implemented and phased out before they are sufficiently evaluated. Thus, insufficient knowledge of Co-Cr alloys in combination with the wide range of available alloys that was shown in the present study is a challenge for the dentist who is responsible for the prosthesis delivered to the patient.
